PORTABLE ELECTRONIC DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a portable electronic device having a display portion with 
a circuit composed of thin film transistors (hereinafter referred to as TFTs), for example, a 
portable electronic device equipped with a display device such as a liquid crystal display panel as 
the display portion. 

Note that the portable electronic device in this specification means a portable information 
processing device in general, and includes a mobile telephone, a mobile television telephone, a 
portable computer, and the like. 

2. Description of the Related Art 

Conventionally, in a mobile telephone, one liquid crystal display device is normally used 
as the display portion. Further, because of a demand for miniaturization, there is a limitation to 
the size of the screen of the display portion. 

Also, recently, the communication technology has progressed, and thus sending and 
receiving of electronic mails and access to home pages on the Internet can be made by using the 
mobile telephone. 

Recently, although it is possible to send and receive of electronic mails by the mobile 
telephone, communication with only characters in a text form is possible. Thus, even when a 
message to which image data is attached by, for example, a personal computer or the like is 
received, the image data cannot be displayed on the display portion of the mobile telephone. 

Also, even in the access to a home page on the Internet, image data on the home page 
cannot be displayed on the display portion of the mobile telephone. 
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Display of characters (text) or a simple image is sufficient in a display portion of a 
conventional mobile telephone. Thus, it is not necessary to use a high resolution display portion. 
Also, it is not necessary to use a full color display portion. 

However, since it has been possible to communicate by electronic mails of the mobile 
telephone in recent years, a high resolution and full color display portion is greatly required. 
Among various mobile telephones, although a mobile telephone capable of displaying image data 
has been on sale, many mobile telephones have two-color display such as white and black. Thus, 
although there is the case where the full color display portion is used, image quality is low and it 
is difficult to see the image. 

Also, when the image data is displayed on the display portion, the characters (text) cannot 
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*Q be displayed thereon. That is, the image data and the characters (text) cannot be simultaneously 
ib 

III displayed. 
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SUMMARY OF THE INVENTION 
In accordance with the present invention, there is provided a portable electronic device 
comprising: 

fU 

fU a first display device for displaying an image; and 

| tg, a second display device having a touch input operational portion, 

wherein the first display device and the second display device are attached to each other in 
a longitudinal direction or in a lateral direction. Note that in the electronic device shown in Fig. 
2, the first display device and the second display device are attached to each other in the 
longitudinal direction. 

In another aspect of the present invention, there is provided a portable electronic device 
comprising: 
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a cover member having a first display device for displaying an image; and 
a second display device having a touch input operational portion, 

wherein the cover member and the second display device are attached to each other so as 
to allow opening and closing. Note that in the electronic device shown in Figs. 1A to 1C, the 
cover member and the second display device are attached to each other so as to allow opening and 
closing. 

Also, the configuration as shown in Figs. 3A to 3C 5 that is, a third display device may be 
provided between the cover member and the second display device. A fourth display device and 
a fifth display device may be provided to increase the number of screens and thus the display 
region may be expanded. The third display device may be equipped with an image pickup device 

*Q or a sensor. Also, the third display device may be equipped with a system for identifying the user. 

vD 

jjj Also, in the above structures, not only the second display device but also the first display 

Kt 

jjrj device may be equipped with a touch input operational portion. 

^ Also, in the above structures, the second display device may specially display a character 

or a symbol without a high resolution screen. If such a structure is obtained, the first display 
ffi device has a higher resolution than that of the second display device, and thus an increase in cost 



FU is suppressed. For example, an electric device in which a TFT formed of a semiconductor layer 

P 

* i of polysilicon is used for the first display device, and a TFT formed of a semiconductor layer of 
amorphous silicon is used for the second display device may be used. 

Also, in the above structures, an image pickup device or a sensor may be attached to the 
first display device or the second display device, or provided in each pixel. 

Also, in the above structures, the first display device or the second display device may be 
equipped with a system for identifying the user. 

Also, in the above structures, the first display device, the second display device, or the 

3 



third display device may be suitably a liquid crystal display device or an EL display device. 
Further, as the first display device, the second display device, or the third display device, another 
display device, for example, an electrochemical display, a field emission display, a plasma 
display, a DMD, or the like can be used. 

In still another aspect of the present invention, there is provided a portable electronic 
device comprising: 

a cover member having an EL display device for displaying an image; and 

a reflection display device,. 

wherein the cover member and the reflection display device are attached to each other so 
as to allow opening and closing and the reflection display device is made to display by irradiating 
light emitted from the EL display device. 

In the above structure, the reflection display device may be equipped with a touch input 
operational portion. 

Also, in the above structures, the portable electronic device is a electronic device having a 
communication function, and typically is a mobile telephone or a personal digital assistant. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Figs. 1A to 1C are a top view, a side view, and a perspective view of the present invention 
(Embodiment 1), respectively; 

Fig. 2 is a top view of the present invention (Embodiment 2); 
Figs. 3A to 3C show switched screens; 

Figs. 4A and 4B are a side view and a perspective view of the present invention 
(Embodiment 3), respectively; 



Fig. 5 is a perspective view of the present invention (Embodiment 4); 
Fig. 6 is a cross sectional structure view of an active matrix liquid crystal display device 
(Embodiment 5); 

Fig. 7 is a top view of an active matrix liquid crystal display device (Embodiment 5); 
Figs. 8A and 8B are circuit block diagrams; 

Figs. 9A and 9B are a top view and a cross sectional view of an active matrix liquid 
crystal display device (Embodiment 6), respectively; 

Fig. 10 is a cross sectional view of an active matrix EL display device (Embodiment 7); 

Figs. 11A and 11B are a top view and a cross sectional view of an active matrix liquid 
crystal display device (Embodiment 7), respectively; 

Fig. 12 is a circuit block diagram (Embodiment 8); 

Fig. 13 is a circuit block diagram (Embodiment 9); 

Fig. 14 is a cross sectional view of an EL display device (Embodiment 9); and 
Fig. 15 is a circuit block diagram (Embodiment 10). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment mode of the present invention will be described below. 
Figs. 1A to 1C are a top view, a side view, and a perspective view, respectively, of a 

mobile telephone as one example of a portable electronic device according to the present 

invention. 

The mobile telephone shown in Fig. 1A to 1C has a first display device 101 mainly for 
color-display of an image with high image quality and a second display device 102 for displaying 
mainly characters or symbols. 

Also, at least one of the first display device 101 and the second display device 102 has a 



touch input operational portion. The screen in which the touch input operational portion is 
provided has the function of an operational switch. 

The electronic equipment shown in Figs. 1A to 1C is a portable electronic device in which 
a cover member having the first display device 101 for displaying an image (digital still image or 
the like) and the second display device 102 having the touch input operational portion (for 
displaying characters, symbols, or the like) are attached to each other so as to allow opening and 
closing. The mobile telephone shown in Figs. 1A to 1C is collapsible. The present invention can 
be implemented in a mode shown in Fig. 2. However, since the display portion can be protected, 
the collapsible mobile telephone as shown in Figs. 1A to 1C is preferable. 

Also, in the case of the collapsible mobile telephone shown in Figs. 1A to 1C, an EL 
display device may be used as the first display device 101 and a reflection liquid crystal display 
device may be used as the second display device 102. In this case, when the display screen of the 
first display device 101 is brought close to the second display device 102 by light folding, even 
under low light conditions, the screen of the second display device 102 can be visually identified 
utilizing the light emitted from an EL element in the first display device 101. 

Also, the electronic device shown in Figs. 1A to 1C has several operational buttons 103, a 
voice output portion 104, a voice input portion 105, and an antenna 106. 

Also, as shown in Fig. 2, a portable electronic device may be one in which a first display 
device 204 for displaying an image and a second display device 205 having a touch input 
operational portion are attached to each other in a longitudinal arrangement. 

Also, as shown in Figs. 4A and 4B, a portable electronic device may be one in which a 
first display device 401 and a second display device 402 are attached to each other so as to allow 
opening and closing with a third display device 403 therebetween. 

Also, as shown in Fig. 5, a portable electronic device may be equipped with an image 
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input portion 507 such as a CCD image pickup device. 

Also, the first display device 401, the second display device 402, or the third display 
device 403 may be provided with a sensor for authentication of users. As the authentication of 
users, living body information (typically, fingerprint, palmar pattern, voice print, or the like) may 
be utilized. 

Note that a liquid crystal display device or an EL display device can be used as the first 
display device 401, the second display device 402, or the third display device 403. 

In the present invention with the above structure, embodiments indicated below will be 
described in detail. 



^.B [Embodiment 1] 

i.y 

Sjj In this embodiment, the collapsible portable electronic device shown in Figs. 1A to 1C 

=E 

jfl will be described. Fig. 1A is a top view, Fig. IB is a side view, and Fig. lc is a perspective view, 
jij In Figs. 1A to 1C, reference numeral 101 denotes a first display device, numeral 102 

denotes a second display device, numeral 103 denotes an operational switch, numeral 104 denotes 

£8 a voice output portion, numeral 105 denotes a voice input portion, and numeral 106 denotes an 

f(J antenna. 

C3 

|X In this embodiment, an EL display device capable of displaying an image with high 

quality is used as the first display device 101 and a liquid crystal display device is used as the 
second display device 102. Also, a touch panel system is employed for the second display device 
102. In the case of the liquid crystal display device, it is necessary to convert a received digital 
signal into an analog signal. However, when the EL display device is used as the first display 
device 101, since a digital image can be displayed without such conversion, the EL display device 
is preferable. Note that, when a piezoelectric element is incorporated into the second display 
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device, that is, the liquid crystal display device, a touch panel can be realized. 

Fig. 3A shows an example of an initial screen in the second display device 102. A 
telephone button, electronic mail button, an Internet button, a telephone book button, a memory 
button, and the like are displayed on the second display device 102. 

For example, when the telephone button displayed on the second display device 102 is 
pushed, the screen is switched to display dial buttons as shown in Fig. 3B. .When the telephone 
number of the party on the other end is inputted using the displayed dial buttons, a telephone call 
to the party is allowed. When inputting the telephone number, it is desirable that the inputted 
number is displayed on the first display device 101 or the second display device 102. 

Also, when the telephone book button displayed on the second display device 102 is 
pushed, a telephone number of the party on the other end, which is inputted in advance, is 
displayed and thus a telephone call is allowed. At this time, the telephone book may be displayed 
on the screen of the first display device 101 shown in Figs. 1A to 1C. 

When an electronic mail button or an Internet button, which is displayed on the second 
display device 102, is pushed, the screen is switched to display keyboard buttons as shown in Fig. 
3C The address of an electronic mail or a URL (uniform resource locator) of a home page can be 
inputted using the displayed keyboard buttons. When portions corresponding to the displayed 
various input keys are touched, its display content data can be inputted. Note that the keyboard 
buttons can be suitably switched to a screen capable of inputting a capital letter, a lowercase 
letter, or a numeral. Also, Japanese characters can be inputted. At this time, it is desirable that 
the inputted number (data) is displayed on the first display device 101 or the second display 
device 102. 

Also, when the telephone book button displayed on the second display device 102 is 
pushed, the address of the electronic mail, which is inputted in advance, is outputted and thus the 
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electronic mail can be transmitted, or the URL of a home page is outputted and thus the home 
page can be referred to. At this time, the telephone book may be displayed on the screen of the 
first display device 101 shown in Figs. 1A to 1C. 

When the electronic mail to which an image such as a photograph or a picture is attached 
is. received by the mobile telephone of this embodiment, the image is displayed on the first 
display device 101 capable of displaying an image with high quality, and characters and symbols 
in a text form can be displayed on the second display device 102. Also, while the image is 
displayed on the first display device 101, only data displayed on the screen of the second display 
device 102 is scrolled and thus a text can be read. 

Also, not only the electronic mail to which an image is attached but also an electronic 
mail to which voice data is attached can be received. 

For example, when a user views a home page by using the mobile telephone of this 
embodiment, an image such as a photograph or a picture on public view is displayed on the first 
display device 101 capable of displaying an image with high quality. Also, characters (text) 
indicating the explanation of the image, the message, or the like of the image are displayed on the 
second display device 102. 

According to the present invention, both the image and the characters (text) can be 
simultaneously and easily viewed by using the mobile telephone. 

Also, as in this embodiment, when the EL display device is used as the first display device 

101 and the reflection type liquid crystal display device is used as the second display device 102, 
the display screen of the first display device 101 is made to be closer to the second display device 

102 by light folding, and, even under low light conditions, the screen of the second display device 
102 can be visually identified utilizing the light emitted from an EL element in the first display 
device 101. 



Note that in this embodiment the example is shown in which the EL display device is used 
as the first display device 101 and the liquid crystal display device is used as the second display 
device 102. However, this should not be construed restrictively. A liquid crystal display device 
or an EL display device can be suitably used as the first display-device 101 or the second display 
device 102. 

[Embodiment 2] 

The collapsible portable electronic device is described in Embodiment 1. In Embodiment 
2, as shown in Fig. 2, a portable electronic device, in which a first display device 204 for 
displaying an image and a second display device 205 having a touch input operational portion are 

Q 

attached to each other in a longitudinal arrangement, will be described. 

t y Note that this embodiment is the same structure as Embodiment 1 except for the 

p 

*fst 

jfp configuration of the main body. Thus, a detailed description thereof will be omitted here. 

\Q 
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In Fig. 2, reference numeral 201 denotes a main body, numeral 202 denotes a voice output 
portion, numeral 203 denotes a voice input portion, numeral 206 denotes an image of an 



tO operational switch, which is displayed on the second display device 205, numeral 207 denotes an 



fU operational switch, and numeral 208 denotes an antenna. 

\& Note that the liquid crystal display device or the EL display device can be used as the first 

display device 204 or the second display device 205. 



[Embodiment 3] 

In this embodiment, an example of a portable electronic device having two or more 
display devices will be described. Fig. 4A is a side view and Fig. 4B is a perspective view. Note 
that this embodiment is the same structure as Embodiment 1 except for the number of display 
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devices. Thus, a detailed description thereof will be omitted here. 

As shown in Figs. 4A and 4B, the portable electronic device of the present embodiment is 
a portable electronic device in which a first display device 401 and a second display device 402 
are attached to each other so as to allow opening and closing with a third display device 403 
therebetween. 

In Fig. 4A, reference numeral 404 denotes an operational switch, numeral 405 denotes a 
voice output portion, numeral 406 denotes a voice input portion, and numeral 407 denotes an 
antenna. 

Also, the first display device 401, the second display device 402, or the third display 
device 403 may be provided with a sensor for authentication of users. As the authentication of 
users, living body information (typically, fingerprint, palmar pattern, voice print, or the like) may 
be utilized. 

Note that the liquid crystal display device or the EL display device can be used as the first 
display device 401, the second display device 402, or the third display device 403. 

[Embodiment 4] 

In this embodiment, an example of a portable electronic device having an image pickup 
device will be described. Fig. 5 is a perspective view. 

Note that this embodiment is the same structure as Embodiment 1 except that an image 
pickup device to is provided. Thus, a detailed description thereof will be omitted here. 

In Fig. 5, reference numeral 501 denotes a first display device, numeral 502 denotes a 
second display device, numeral 503 denotes an operational switch, numeral 504 denotes a voice 
output portion, numeral 505 denotes a voice input portion, numeral 506 denotes an antenna, and 
numeral 507 denotes an image input portion. 



In this embodiment, a CCD image pickup device is used as the image input portion 507. 
Thus, while the user's face image is transmitted to the party on the other end and the face image 
of the other end is received from the party, a telephone call is permitted in the same manner as the 
normal conversation. 

Also, this embodiment can be combined with any one of Embodiments 1 to 3. 

[Embodiment 5] 

In this embodiment, an example of a liquid crystal display device as the first display 
device or the second display device, which is shown in Embodiments 1 to 4, will be described. 

An example of the liquid crystal display device having a pixel portion and a driver circuit 



%9 for driving it on a substrate (note that it is in a state before a liquid crystal material sealing) is 
|ij shown in Fig. 6. 

|r| Note that a CMOS circuit as a basic unit is shown as the driver circuit and one pixel is 

■ Pi 

*j£ shown as the pixel portion. 

^ In Fig. 6, a driver circuit 601 composed of n-channel TFTs 605 and 606 and p-channel 

(0 TFTs 603 and 604 and a pixel portion 602 composed of a pixel TFT 607 as an n-channel TFT and 

FU 

fy a retaining capacitor 608 are formed on a substrate. Also, in this embodiment, all TFTs are 

b 

formed as top gate TFTs. 

Also, the pixel TFT 607 has a structure (double gate structure) where two channel forming 
regions are located between a source region and a drain region. However, this embodiment is not 
limited to the double gate structure. A single gate structure where one channel forming region is 
formed or a triple gate structure where three channel forming regions are formed may be used. 

Also, in this embodiment, a pixel electrode connected with the drain region of the pixel 
TFT 607 is formed as a reflection electrode. As the material of the pixel electrode 610, it is 
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desirable that a material with superior reflectivity, such as a film containing mainly Al or Ag or a 
laminate film of these be used. Also, it is preferable that after the formation of the pixel 
electrode, its surface is made uneven by a process using a sandblast method, an etching method, 
or the like, which is known. Thus, mirror reflection is prevented and reflection light is scattered 
to increase the degree of whiteness. 

Note that in this embodiment, the example of the reflection liquid crystal display device 
using the reflection electrode as the pixel electrode is shown. However, a transmission liquid 
crystal display device using a transparent conductive film as the pixel electrode instead of the 
reflection electrode may be used. 

After the state in Fig. 6 is obtained, an orientation film is formed on the pixel electrode 
^3 and then rubbing processing is performed. Note that in this embodiment, before the formation of 
lij the orientation film, an organic resin film such as an acrylic resin film is patterned to form 



0 column-shaped spacers for keeping a substrate interval in predetermined positions. Instead of the 
2jp column-shaped spacers, spherical spacers may be dispersed over the entire surface of the 
substrate. 

ft 

'9 Next, a counter substrate is prepared. After colored layers and a light shielding layer are 

ru 

f U formed on the counter substrate, a planarization film is formed. Then, a counter electrode made 
\& of a transparent conductive film is formed in at least the pixel portion on the planarization film, 
an orientation film is formed on the entire surface of the counter substrate, and rubbing 
processing is performed. 

Then, a stainless substrate in which the pixel portion and the driver circuit are formed and 
a fixing substrate are adhered to each other through an adhesion layer (seal member in this 
embodiment). Fillers are mixed with the adhesion layer. The two substrates are adhered to each 
other at a uniform interval by the fillers and the column-shaped spacers. After that, a liquid 

13 



crystal material is injected between both substrates and completely sealed using a sealing agent 
(not shown). A known liquid crystal material may be used as the liquid crystal material. 

Next, after the liquid crystal sealing (or filling) process is completed, a substrate holder is 
separated as described in the embodiment mode and in Embodiment 1. A state of the liquid 
crystal display device after that will be described using Fig. 7. 

In the top view shown in Fig. 7, a stainless substrate 82a and a counter substrate 82b in 
which a color filter and the like are provided are adhered to each other through a seal member 83. 
In the stainless substrate 82a, a pixel portion, driver circuits, an external input terminal 80 to 
which an FPC (flexible printed circuit) 89 is adhered, wiring 81 for connecting the external input 
terminal with input portions of the respective circuits, and the like are formed. 

A light shielding layer 86a is provided on the counter substrate side so as to overlap a gate 
side driver circuit 84 and a light shielding layer 86b is formed on the counter substrate side so as 
to overlap a source side driver circuit 85. Also, in a color filter 88 which is provided on the 
counter substrate on a pixel portion 87, the light shielding layers and colored layers of respective 
colors of red (R), green (G), and blue (B) are provided corresponding to each pixel. In actual 
display, color display is made by three colors of the red (R) colored layer, the green (G) colored 
layer, and the blue (B) colored layer. The colored layers of the respective colors are arbitrarily 
arranged. 

In this embodiment, the color filter 88 is provided in the counter substrate for colorization. 
However, in particular, the present invention is not restricted to this. When an element is formed 
on a substrate, a color filter may be formed over the substrate. 

Also, the light shielding layer is provided between adjacent pixels in the color filter to 
light-shield a portion except for a display region. Further, the light shielding layers 86a and 86b 
are provided in a region covering the driver circuits. However, when the liquid crystal display 
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device is incorporated as the display portion of the electronic equipment, the region covering the 
driver circuits is covered with a cover. Thus, a structure where the shielding layers are not 
provided may be used. When a necessary element is formed on a substrate, light shielding layers 
may be formed on the substrate. 

Also, without providing the above light shielding layers, the colored layers composing the 
color filter may be suitably arranged between the counter substrate and the counter electrode such 
that light shielding is made with a laminate layer in which a plurality of layers are laminated. 
Thus, a portion (gap between respective pixel electrodes) except for the display region and the 
driver circuits are light-shielded. 

Also, an FPC 89 made of a base film and wiring is adhered to the external input terminal 
through an anisotropic conductive resin. A reinforced plate is further provided to improve the 
mechanical strength. 

Also, a polarization plate (not shown) is adhered to only the counter substrate. 

The liquid crystal display device thus manufactured can be used as the first display device 
or the second display device in various electronic equipments described in Embodiments 1 to 4. 

Also, the liquid crystal display device of this embodiment can be used as the third display 
device of Embodiment 3. 

An example of a circuit structure of the liquid crystal display device of this embodiment is 
shown in Figs. 8A and 8B. 

Note that Fig. 8A shows a circuit structure for analog drive. In this embodiment, the 
liquid crystal display device has a source side driver circuit 90, a pixel portion 91, and a gate side 
driver circuit 92. Note that the term driver circuit in this specification covers the source side 
driver circuit and the gate side driver circuit. 

In the source driver circuit 90, a shift register 90a, a buffer 90b, and a sampling circuit 
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(transfer gate) 90c are provided. Also, in the gate side driver circuit 92, a shift register 92a, a 
level shifter 92b, and a buffer 92c are provided. If necessary, a level shifter circuit may be 
provided between the sampling circuit and the shift register. 

Also, in this embodiment, the pixel portion 91 includes a plurality of pixels and a TFT 
element is provided for the respective pixels. 

Also, the source side driver circuit 90 and the gate side driver circuit 92 can be formed 
using p-channel TFTs or n-channel TFTs. 

Note that, although not shown, another gate side driver circuit may be provided on the 
opposite side of the gate side driver circuit 92 with the pixel portion 91 therebetween. 

Also, in the case of digital drive, as shown in Fig. 8B, instead of the sampling circuit, a 

p 

*3 latch (A) 93b and a latch (B) 93c may be provided. In a source side driver circuit 93, a shift 
tU register 93a, the latch (A) 93b, the latch (B) 93c, a D/A converter 93d, and a buffer 93e are 

Fr? 
a jws 

th provided. Also, in the gate side driver circuit 95, a shift register 95a, a level shifter 95b, and a 
buffer 95c are provided. If necessary, a level shifter circuit may be provided between the latch 
^ (B) 93c and the D/A converter 93d. 

JjjJ Also, although only the structures of the pixel portion 91 or 94 and the driver circuit are 

f U described in this embodiment, a memory or a microprocessor further may be formed. 

}-* 

[Embodiment 6] 

In this embodiment, an example, in which the TFT used for a pixel portion and driver 
circuits in the liquid crystal display device as the first display device or the second display device 
is formed by an inverse stagger TFT, is shown in Figs. 9A and 9B. Fig. 9A is a top view in the 
case where one of pixels in the pixel portion is enlarged and a sectional view taken along a dot 
line A-A' in Fig. 9A is shown in Fig. 9B. Note that in Fig. 9B, reference numeral 51 denotes a 
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substrate having an insulating surface. 

In the pixel portion, a pixel TFT portion is formed of n-channel TFTs. A gate electrode 
52 is formed on a substrate 51, and a first insulating film 53a of silicon nitride and a second 
insulating film 53b of silicon oxide are provided thereon. As active layers on the second 
insulating film 53b, n + type regions 54 to 56, channel forming regions 57 and 58, and n" type 
regions 59 and 60 located between the n + type regions and the channel forming regions are 
formed. The channel forming regions 57 and 58 are protected by insulating layers 61 and 62. 
After contact holes are formed in a first interlayer insulating film 63 which covers the insulating 
layers 61 and 62 and the active layers, wiring 64 connected with the n + type region 54 is formed, a 
pixel electrode 65 of Al, Ag, or the like is connected with the n + type region 56, and a passivation 

y 

%3 film 66 is formed thereon. Reference numeral 70 denotes a pixel electrode adjacent to a pixel 
|y electrode 65. 

9 pi 

tf\ Note that in this embodiment, the gate wiring of the pixel TFT in the pixel portion is 

tO 

. p. formed in a double gate structure. However, a multi-gate structure such as a triple gate structure 
ji^ may be used in order to reduce a variation in an off current. Further, a single gate structure may 
be used to improve an aperture ratio. 

fU 

fy Also, a capacitor portion in the pixel portion is composed of the first insulating film 53a 

|*3, and the second insulating film 53b as dielectric, capacitor wiring 71, and the n + type region 56. 

Note that the pixel portion shown in Figs. 9A and 9B is merely shown as one example, 
and the present invention is not restricted to the above structure in particular. 

Also, this embodiment can be combined with any one of Embodiments 1 to 5. 



[Embodiment 7] 

In this embodiment, an example of an EL (electroluminescence) display device as the first 
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display device or the second display device, which is shown in Embodiments 1 to 4 will be 
described. 

An example of a light emitting device having a pixel portion and a driver circuit for 
driving it on the same substrate (note that a state before sealing) is shown in Fig. 10. Note that a 
CMOS circuit as a basic unit is shown in the driver circuit and one pixel is shown in the pixel 
portion. 

In Fig. 10, reference numeral 701 denotes a substrate. An insulating film is formed on the 
substrate. A driver circuit 704 composed of an n-channel TFT and a p-channel TFT, and a pixel 
portion 705 comprising a switching TFT 702 composed of the a p-channel TFT and a current 
control TFT 703 composed of an n-channel TFT are formed thereon. Also, in this embodiment, 
all TFTs are formed as top gate TFTs. 

Also, the switching TFT 702 has a structure (double gate structure) where two channel 
forming regions are located between a source region and a drain region. However, this 
embodiment is not restricted to the double gate structure. A single gate structure where one 
channel forming region is formed or a triple gate structure where three channel forming regions 
are formed may be used. 

Also, before a second interlayer insulating film 708 is provided, a contact hole is provided 
in a first interlayer insulating film 707 on a drain region 706 of the current control TFT 703. This 
is because an etching process is simplified in the case where a contact hole is formed in the 
second interlayer insulating film 708. The contact hole is formed in the second interlayer 
insulating film 708 so as to reach the drain region 706 and a pixel electrode 709 connected with 
the drain region 706 is provided. The pixel electrode 709 is an electrode which functions as the 
cathode of an EL element and formed using a conductive film containing an element belonging to 
group 1 or 2 of the periodic table. In this embodiment, a conductive film made of a compound of 
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lithium and aluminum is used. 

Next, reference numeral 713 denotes an insulating film provided to cover end portions of 
the pixel electrode 709 and this insulating film is called a bank in this specification. The bank 
713 may be formed using an insulating film containing silicon or a resin film. In the case where 
the resin film is used, when a carbon particle or a metal particle is added to the resin film such 
that resistivity thereof becomes 1 x 10 6 to 1 x 10 12 j2m (preferably, 1 x 10 8 to 1 x 10 n) 52m), the 
occurrence of dielectric breakdown at film formation can be suppressed. 

Also, an EL element 710 is composed of the pixel electrode (cathode) 709, an EL layer 
711, and an anode 712. As the anode 712, a conductive film having a large work function, 
typically an oxide conductive film is used. As the oxide conductive film, indium oxide, tin oxide, 
zinc oxide or a compound of these may be used. The light emitting device of this embodiment 

vO 

W becomes a light emitting device for emitting light upward. Note that this embodiment is not 



CH restricted to the light emitting device for emitting light upward. If the structure of the light 

emitting device is suitably modified, the light emitting device for emitting light downward can be 
obtained. 



•ess. 



ill 

J £j Note that a laminate in which a hole injection layer, a hole transport layer, a hole blocking 

N layer, an electron transport layer, an electron injection layer, or an electron blocking layer is 
H combined with a luminescent layer is defined as an EL layer in this specification. 

Also, if an EL material is used, the luminescent layer is not limited to a specific material. 
For example, a thin film made of a luminescent material (singlet compound) for luminescence by 
singlet excitation or a thin film made of a luminescent material (triplet compound) for 
luminescence by triplet excitation can be used. 

Note that, although not shown here, after the anode 712 is formed, it is effective that a 
passivation film is provided so as to completely cover the EL layer 710. As the passivation film, 
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an insulating film including a carbon film, a silicon nitride film, or a silicon oxynitride film as a 
single layer, or a laminate layer of those is used. 

Next, a process up to a sealing (or filling) process for protecting the EL element is 
performed. The EL display device after the process will be described using Figs. 11A and 11B. 

Fig. 11A is a top view showing a state where a process up to sealing of the EL element is 
performed and Fig. 1 IB is a cross sectional view taken along a line A-A' in Fig. 11 A. As shown 
by dot lines, reference numeral 801 denotes a pixel portion, numeral 802 denotes a source side 
driver circuit, and numeral 803 denotes a gate side driver circuit. Also, reference numeral 804 
denotes a cover member, numeral 805 denotes a first seal member, and numeral 806 denotes a 
second seal member. 

Note that reference numeral 807 denotes wiring for transmitting signals to be inputted to 
the source side driver circuit 802 and the gate side driver circuit 803. The wiring 807 receives 
video signals and a clock signal from an FPC (flexible printed circuit) 808 as an external input 
terminal. Note that, although only the FPC is shown here, a printed wiring board (PWB) may be 
attached to the FPC. 

Next, the cross sectional structure will be described using Fig. 11B. The pixel portion and 
the source side driver circuit 809 are formed over a substrate 800. The pixel portion is composed 
of a plurality of pixels. Each of the pixels includes a current control TFT 810 and a pixel 
electrode electrically connected with the drain thereof. The source side driver circuit 809 is 
constructed using a CMOS circuit in which an n-channel TFT and a p-channel TFT are combined 
with each other. Note that a polarization plate (typically a circular polarization plate) may be 
attached to the substrate 800. 

Also, banks 812 are formed at both ends of the pixel electrode 811 and an EL layer 813 
and an anode 814 of the EL element are formed on the pixel electrode 811. The anode 814 also 
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function as wiring common to all pixels and is electrically connected with an FPC 816 through a 
connection wiring 815. Further, all elements included in the pixel portion and the source side 
driver circuit 809 are covered with a passivation film (not shown). 

Also, the cover -member 804 is adhered to the substrate 800 through the first seal member 
805. Note that spacers may be provided to secure an interval between the cover member 804 and 
the EL element constant. A gap (space) 817 is produced inside the first seal member 805 and the 
substrate 800. It is desirable that the first seal member 805 is a material to which moisture or 
oxygen is not transmitted. Further, it is effective that a substance having a hygroscopic effect or a 
substance having an antioxidant effect is provided in the gap 817. 

Note that a carbon film (specifically, a diamond like carbon film) is preferably provided as 

o 

vO a protective film on the front surface and the rear surface of the cover member 804 with a 
IU thickness of 2 to 30 nm. Such a carbon film (not shown here) has the functions of preventing 



|fi penetration of oxygen and water and mechanically protecting the surface of the cover member 
804. 



, Pi 
'i'J 



jjL After the adhesion of the cover member 804, the second seal member 806 is provided so 

*}? as to cover the exposed surface of the first seal member 805. The same material as the first seal 

IU 

?U member 805 can be used for the second seal member 806. 

y, When the EL element is filled with the above structure, the EL element can be completely 

shielded from the exterior and the penetration of a substance which causes deterioration of the EL 
layer by oxidation, such as moisture or oxygen, from the exterior can be prevented. Therefore, 
the EL display device having high reliability is obtained. 

The EL display device manufactured as described above can be used as the first display 
device or the second display device in various electronic equipment described in Embodiments 1 
to 4. 
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Also, the EL display device of this embodiment can be used as the third display device in 
Embodiment 3. 



P 



[Embodiment 8] 

In this embodiment, the structure of an external circuit connected with the second display 
device in Embodiment 1 will be described using Fig. 12. 

In a liquid crystal display device shown in Fig. 12, a pixel portion 921 composed of a 
pixel 920 driven by a TFT formed on a substrate, and a source side driver circuit 915 and a gate 
signal side driver circuit 914 used for driving the pixel portion are formed. The source side driver 
circuit 915 is shown as an example of digital drive and constructed by a shift register 916, latch 
circuits 917a and 917b, a D/A converter 918, and buffer circuit 919. Also, the gate signal side 



tU driver circuit 914 has a shift register, a buffer, and the like (not shown). 

{f\ An external circuit connected with the liquid crystal display device is constructed by a 

• q power source circuit 901 composed of a stabilized power source and an operational amplifier 

p with a high speed and high precision, an external interface port 902 having a USB terminal and 

If. the like, a CPU 903, a touch input tablet 910 used as an input means, a detection circuit 911, a 

iU 

?U clock signal oscillator 912, a control circuit 913, and the like. Note that the touch input tablet 910 

t3 

(and the detection circuit 911) may be integrally formed in the inner portion of the second display 
device. 

The CPU 903 includes an image signal processing circuit 904, a tablet interface 905 for 
inputting a signal from a touch input tablet 910, and the like. A VRAM 906, a DRAM 907, a 
flash memory 908, and a memory card 909 are connected with the CPU 903. Information 
processed by the CPU 903 is outputted as an image signal from the image signal processing 
circuit 904 to the control circuit 913. The control circuit 913 has the function of converting the 
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image signal and a clock into respective timing specifications of the source side driver circuit 915 
and the gate signal side driver circuit 914. Specifically, the control circuit 913 has the function of 
distributing the image signal as data corresponding to each pixel in the display device and the 
function of converting a horizontal synchronizing signal and a vertical synchronizing signal, 
which are inputted from the external, into start signals of the driver circuits and a timing control 
signal for alternating a built-in power source circuit. 

Also, the control circuit 913 may be mounted using an IC chip by a COG method or 
integrally formed in the inner portion of the liquid crystal display device. 

This embodiment can be combined with any one of Embodiments 1 to 6. 

[Embodiment 9] 

In this embodiment, an example in which an image pickup device (photo diode) is 
incorporated in each pixel of an EL display device as the first display device or the second display 
device, which is described in Embodiments 1 to 8, will be described. 

Fig. 13 shows the structure of a pixel 1002 in detail. A region enclosed by dot lines is the 
pixel 1002. 

The pixel 1002 has a switching TFT 1004, an EL driving TFT 1005, and an EL element 
1006. In Fig. 13, although a capacitor 1007 is provided in the pixel 1002, the capacitor 1007 may 
not be provided. 

The EL element 1006 is composed of an anode, a cathode, and an EL layer provided 
between the anode and the cathode. When the cathode is connected with the source region or the 
drain region of the EL drive TFT 1005, the anode becomes the counter electrode and the cathode 
becomes the pixel electrode, and thus light is emitted downward. On the other hand, when the 
anode is connected with the source region or the drain region of the EL drive TFT 1005, the 
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anode becomes the pixel electrode and the cathode becomes the counter electrode, and thus light 
is emitted upward. 

The gate electrode of the switching TFT 1004 is connected with a gate signal line G. 
With respect to the source region and the drain region of the switching TFT 1004, one region is 
connected with a source signal line S and the other region is connected with the gate electrode of 
the EL drive TFT 1005. 

The source region of the EL drive TFT 1005 is connected with a power supply line V and 
the drain region thereof is connected with the EL element 1006. The capacitor 1007 is connected 
with the gate electrode of the EL drive TFT 1005 and the power supply line V. 

Further, the pixel 1002 has a reset TFT 1010, a buffer TFT 1011, a selection TFT 1012, 
and a photo diode 1013. 

The gate electrode of the reset TFT 1010 is connected with a reset gate signal line RG. 
The source region of the reset TFT 1010 is connected with a sensor power source line VB. The 
sensor power source line VB is always kept to be a constant potential (standard potential). Also, 
the drain region of the reset TFT 1010 is connected with the photo diode 1013 and the gate 
electrode of the buffer TFT 1011. 

Although not shown, the photo diode 1013 has an N-type semiconductor layer, a P-type 
semiconductor layer, and a photoelectric conversion layer provided between the N-type 
semiconductor layer and the P-type semiconductor layer. Specifically, the drain region of the 
reset TFT 1010 is connected with, the P-type semiconductor layer or the N-type semiconductor 
layer of the photo diode 1013. 

The drain region of the buffer TFT 1011 is connected with the sensor power source line 
VB and always kept to be a constant standard potential. The source region of the buffer TFT 
1011 is connected with the source region or the drain region of the selection TFT 1012. 
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The gate electrode of the selection TFT 1012 is connected with a sensor gate signal line 
SG. With respect to the source region and the drain region of the selection TFT 1012, one region 
is connected with the source region of the buffer TFT 1011 as described above and the other 
region is connected with a sensor output wiring SS. The sensor output wiring SS is connected 
with a constant current power source 1003 and a constant current always flows into the sensor 
output wiring SS. 

Fig. 14 shows a cross sectional view of this embodiment. Reference numeral 1101 
denotes a switching TFT, numeral 1102 denotes an EL driving TFT, numeral 1103 denotes a reset , 
TFT, numeral 1104 denotes a buffer TFT, and numeral 1105 denotes a selection TFT. 

Also, reference numeral 1108 denotes a P-type semiconductor layer, numeral 109 denotes 
*-C3 a photoelectric conversion layer, and numeral 1107 denotes an N-type semiconductor layer. A 

*9 

lU photo diode 1106 is formed of the P-type semiconductor layer 1108, the photoelectric conversion 
(f\ layer 1109, and the N-type semiconductor layer 1107. Reference numeral 1111 denotes a sensor 



n 



wiring and the sensor wiring 1111 is used to electrically connect the N-type semiconductor layer 
1107 with an external power source. The P-type semiconductor layer 1108 of the photo diode 
1106 is electrically connected with the drain region of the reset TFT 1103. 



ru 

fU Also, reference numeral 1110 denotes a pixel electrode (anode), numeral 1112 denotes an 

C3 

H EL layer, and numeral 1113 denotes a counter electrode (cathode). An EL element 1114 is 
composed of the pixel electrode (anode) 1110, the EL layer 1112, and the counter electrode 
(cathode) 1113. Note that reference numeral 1115 indicates a bank and the EL layers 1112 of 
adjacent pixels are separated by the bank. 

Reference numeral 1116 denotes an object to be photographed. Light emitted from the EL 
element 1114 is reflected by the object 1116 to be photographed and irradiated into the photo 
diode 1106. In this embodiment, the object to be photographed is provided at the side of the 
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substrate 1100, where the TFTs are not formed. 

In this embodiment, the switching TFT 1101, the buffer TFT 1104, and the selection TFT 
1105 are all N-channel TFTs. Also, the EL driving TFT 1102 and the reset TFT 1103 are P- 
channel TFTs. Note that the present invention is not restricted to this structure. Thus, the 
switching TFT 1101, the EL driving TFT 1102, the buffer TFT 1104, the selection TFT 1105, and 
the reset TFT 1103 may be any one of N-channel TFTs and P-channel TFTs. 

Note that, as described in this embodiment, when the source region or the drain region of 
the EL driving TFT 1102 is electrically connected with the anode 1110 of the EL element 1114, it 
is desirable that the EL driving TFT 1102 is a P-channel TFT. On the other hand, when the 
source region or the drain region of the EL driving TFT 1102 is electrically connected with the 
cathode of the EL element 1114, it is desirable that the EL driving TFT 1102 is an N-channel 
TFT. 

Note that, since the photo diode of this embodiment can be simultaneously formed 
together with other TFTs, the number of processes can be decreased. 

This embodiment can be combined with any one of Embodiments 1 to 7. 

[Embodiment 10] 

In this embodiment, an example in which a memory element (SRAM) is incorporated in 
each pixel of an EL display device as the first display device or the second display device, which 
is described in Embodiments 1 to 8, will be described. Fig. 15 is an enlarged view of a pixel 
1504. 

In Fig. 15, reference numeral 1505 denotes a switching TFT. The gate electrode of the 
switching TFT 1505 is connected with a gate signal line 1506 as one of gate signal lines (Gl to 
Gn) for inputting gate signals. With respect to the source region and the drain region of the 

26 



switching TFT 1505, one region is connected with a source signal line 1507 as one of source 
signal lines (SI to Sn) for inputting signals and the other region is connected with the input side 
of an SRAM 1508. The output side of the SRAM 1508 is connected with the gate electrode of a 
current control TFT 1509. 

With respect to the source region and the drain region of the current control TFT 1509, 
one region is connected with a current supply line 1510 as one of current supply lines (VI to Vn) 
and the other region is connected with an EL element 1511. 

The EL element 1511 is composed of an anode, a cathode, and an EL layer provided 
between the anode and the cathode. When the anode is connected with the source region or the 
drain region of the current control TFT 1509, in other words, when the anode is a pixel electrode, 
the cathode becomes a counter electrode. On the other hand, when the cathode is connected with 
the source region or the drain region of the current control TFT 1509, in other words, when the 
cathode is a pixel electrode, the anode becomes a counter electrode. 

The SRAM 1508 has two p-channel TFTs and two n-channel TFTs. The source regions 
of the p-channel TFTs are connected with Vddh at a high voltage side and the source regions of 
the n-channel TFTs are connected with Vss at a low voltage side. One p-channel TFT and one n- 
channel TFT make a pair. In one SRAM, two pairs of p-channel TFT and n-channel TFT are 
present. 

With respect to a pair of p-channel TFT and n-channel TFT, the drain regions are 
connected with each other. Also, with respect to a pair of p-channel TFT and n-channel TFT, the 
gate electrodes are connected with each other. The drain regions in one pair of p-channel TFT 
and n-channel TFT are kept to be the same potential as the gate electrodes in the other pair of p- 
channel TFT and n-channel TFT. 

The drain regions in one pair of p-channel TFT and n-channel TFT constitute the input 
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side in which an input signal (Vin) is inputted. The drain regions in the other pair of p-channel 
TFT and n-channel TFT constitute the output side in which an output signal (Vout) is outputted. 

The SRAM is designed to hold Vin and output Vout as a signal obtained by inverting Vin. 
That is, when Vin is Hi, Vout becomes a Lo signal corresponding to Vss. On the other hand, 
when Vin is Lo, Vout becomes a Hi signal corresponding to Vddh. 

Note that, as described in this embodiment, when one SRAM is provided in the pixel 
1504, since memory data in the pixel is held, a still image can be displayed in a state in which 
most of the external circuits are stopped. Thus, low power consumption can be realized. 

Also, a plurality of SRAMs can be provided in the pixel. When the plurality of SRAMs 
are provided in the pixel, a plurality of data can be held. Thus, gradation display with time 

C3 

'%Q gradation is possible. 

IU The structure of this embodiment can be freely combined with any one of the structures of 

lf| Embodiments 1 to 9. 

According to the present invention, a portion of conventional operational buttons is made 
to be a display screen. Thus, a display region can be expanded without changing the outer size of 




the electronic device and much information can be displayed at once. 



simultaneously and easily seen with a high resolution by using the mobile telephone. 



According to the present invention, both the image and the characters (text) can be 
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